In this manuscript the authors have studied the various causes of vesico-vaginal fistula (VVF) and described etiology, clinical characteristics, and surgical outcome of VVF patients managed at CCBRT. They show that out of 155 patients 104 had surgery for VVF, 25 for stress incontinence (SI), 7 for perineal tears, 6 for recto-vaginal fistula (RVF) and 5 for other reasons, such as urethral strictures and bladder stones. They found a rate of 37 (35.58% out of 104 patients) with definitely iatrogenic fistula and therefore support the observation also made by others that there is a shift in etiology of VVF.
Introduction
Even though huge progress has been made in providing pregnant women with skilled birth attendants and better-equipped health facilities worldwide, there are still about 1 (to 2) million women suffering from obstetric fistula (OF) in Sub-Saha-ran Africa and South Asia [1] [2] .
A fistula is defined as "an abnormal connection between an internal hollow organ and the outer epithelial layer of the body", e.g.: between the urethra, blad-der, ureter and/or the uterus, cervix and/or vagina [2] . The physical result of urinary incontinence has profound social and psychological consequences for the woman [3] .
The term Vesico Vaginal Fistula (VVF) is most frequently used to describe an abnormal connection between organs of the pelvis, i.e.: between the urethra, bladder, ureter and the uterus, cervix and/or vagina.
Most of these OF are caused by unrelieved obstructed labour (OL), constituting an estimated 80% -90% of all genital fistula cases [4] .
Some risk factors that can lead to OL are specific and common in countries where the incidence of genitourinary fistula (esp. VVF) is high. These risk factors include: age, stature, parity, labour duration, malnutrition, chronic anaemia, and Vitamin D deficiency that can lead to the developing of a small pelvis [5] [6].
Young women who get pregnant in their adolescence and whose pelvis has not yet finished growing are more prone to experience OL.
We performed a hospital-based retrospective, observational study from 1 st January to 31 st March 2016.
The public awareness of women's suffering from VVF is increasing; e.g.: since
2013 the UN has added a fistula awareness day: May 23 rd is "the international day to end fistula". The UN estimates that up to 2 million women in Sub-Saharan Africa, Asia, the Arab region, Latin America and the Caribbean are affected by OF, and that up to 50,000 to 100,000 new cases develop each year, in spite of the fact that fistula is almost a 100% preventable. The fact that women still suffer from OF clearly shows "that health systems are failing to meet women's essential needs" [7] .
As the awareness is growing, the efforts to provide women with adequate access to appropriate medical care for OL are growing as well. This includes establishing health centres that are equipped to perform comprehensive emergency obstetric and newborn care (CEmONC), including of course caesarean sections (CS). With this, we would expect to see a corresponding decrease in VVF.
Unfortunately this has not been the case. On many occasions, the person performing the emergency CS faces cases with serious complications and doesn't have the training and experience to deal with such difficult situations. This then can tend to mitigate the potential benefits of the health centres and therefore although VVF can be directly the result of OL (ischemic) it can also occur as a consequence of CS (iatrogenic).
There are obstetric and non-obstetric causes for developing a VVF.
The obstetric causes are: prolonged obstructed labour, instrumental vaginal delivery, destructive delivery, cesarean section with or without hysterectomy, traditional practices i.e.: when defibulation is necessary before delivery in women with a pharaonic circumcision (Female Genital Mutilation, FGM) or in Nigeria the so called Yankan Gishiri cutting and in rare cases, symphysiotomy is associated with uretero-vaginal fistula [8] .
The non-obstetric causes include traumatic incidences such as: coitus (re-sponsible for many recto-vaginal fistulae), sexual violence, e.g.: forceful intercourse and/or introduction of foreign objects into the vagina, accidental trauma e.g.: falling on a stick, and female genital mutilation (FGM). Additional causes include infections such as Granulomatose, Tuberculosis, HIV, and malignancies, e.g.: advanced cervical cancer. Non-obstetric iatrogenic causes, e.g.: during pelvic surgery and radiotherapy can also cause VVF.
Genito-urinary fistulae among them VVF from non-obstetric causes occur worldwide, but obstetric fistulae occur almost entirely in the developing world.
The incidence is difficult to study and the available data are mainly obtained from various hospital-based studies with the result being subject to controversy.
Adler calculated about just over 1 million women in Sub-Saharan Africa and South Asia suffering from OF [2] . As the population of women in reproductive age (15 - 
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Africa has the highest maternal mortality rate (MMR) in the world, an estimated 546 deaths/100,000 live births. Sub-Saharan Africa, carries 66% of all of maternal deaths in the developing countries [10] .
Obstructed labour (OL) is one of the most common causes of maternal and perinatal morbidity and mortality in developing countries. Worldwide it occurs in 4.6% of live births [11] . Those women who survive OL can face serious problems such as VVF and all its related conditions (obstructed labour injury complex).
In order to diagnose OL it is essential to correctly examine the labouring woman and to keep track of the progress of birthing with a properly filled in partograph.
The solution for the obstruction will frequently require cesarean section or an operative (assisted) delivery or in some cases even the surgical opening of the symphysis [8] .
As the available data of incidence and prevalence of OF are usually based on self reporting, and personal communication instead of systematically collecting national data, the WHO can only estimate that between 50,000 and 100,000
women develop OF each year [12] . (nihpromise.org) [13] .
In order to get more reliable data of the prevalence of OF in Sub-Saharan Africa Maheu-Giroux and colleagues collected data from of 19 countries. Their study assessed two estimates of prevalence:
1) The lifetime prevalence: they found an estimate of 3 in every 1000 women have had symptoms of obstetric fistula in their lifetime and,
2) The point prevalence: they found an estimate of 1 in every 1000 women currently having the symptoms.
More than two thirds of the women who took part in the study also reported that they had sought some kind of treatment. "Among women who sought care, almost three-quarters reported a complete remission" [14] . [15] . Although different approaches such as household and mixed method surveys, key informant interviews, health management information systems, as well as others were used to give some insight, none of these independently accurately captures the extent of the prevalence of fistula.
Furthermore, fistula mostly affects the poorest, most vulnerable, and powerless women and, as they are frequently so marginalized, that they can be lost to the "system" [13] [16]. Nevertheless, transparent and accurate data on incidence and prevalence of obstetric fistula are needed for planning, prevention and treatment of the affected women [17] .
In Tanzania II FGM was found to be the most common [22] . Therefore, as type II is the most prevalent form of FGM in Tanzania, we did not expect FGM being a major cause of the fistula patients treated at CCBRT.
In 2015 Paul Hilton in his study "Trends in the aetiology of urogenital fistula" asks the question: post-caesarean section fistula, traumatic or ischemic?
He found in East Africa that in "Tanzania it is reported that 85% of patients developing fistula now deliver in hospital, usually by caesarean section, with an increasing rate of vesicocervical and vesicouterine (probably iatrogenic) fistula".
He concludes that in women who experienced OL for days and end up having a VVF after delivering a dead baby "should be described as having a 'true obstetric' or ischaemic fistula". But a woman who is in OL and taken to a health care facility in time where she is delivered from a live baby by CS and still ends up He observed that those women who had had a CS were more likely to suffer from a fistula that involved the cervix or the uterus [25] . 57.4% of the 805 procedures resulting in IF were CS; 25% had undergone one or more previous laparotomies mostly CS (98%).
Among these 805 cases 351 (43.6%) had vesico-(utero)/-cervico-vaginal fistula (VCVFs) and were the most common, followed by ureteric injuries (33.9%) and vault fistulas (22.5%). Among these women, 25% had had more than one previous cesarean section.
He divides the IF into those that are "definitely", "probably" or "likely" iatrogenic ( Figure 1 ).
Ureteric fistulas are definitely iatrogenic no matter if they occurred in obstetric or gynecological surgeries. Furthermore he points out that the delivery of a live baby by CS is rarely associated with pressure necrosis. Therefore if the baby is alive, a VCVF located between the lower segment of the uterus/cervix and the bladder gives a strong hint to an accidental bladder injury during the CS.
Vault fistulas that are seen after an emergency obstetric intervention such as hysterectomy after CS are "probably" iatrogenic.
If the baby was stillborn VCVFs following the CS are "likely" to be iatrogenic.
In those cases where the baby was stillborn he included VCVFs that were less than 3 cm in size and clearly located in the cervical canal into the category of likely to be iatrogenic.
Nearly all VCVFs (352 = 100%) were associated with obstetric procedures (349, 99.4%), with 210 associated with a live birth and 139 associated with a stillbirth. 40.2% of women with VCVF had undergone at least one previous laparotomy.
Any one from assistant medical officer to a specialist performed procedures Raassen quotes a study from Tanzania, where more than 85% of obstetric and gynecological surgeries were even performed by assistant medical officers [26] [27].
Rationale
Although there has been improvement over the last 2 decades in giving pregnant women better access to healthcare still the number of women developing VVF has not come down significantly. This suggests that there might be a shift in aetiology of these fistulas.
The results of our observations should be a contribution for the rethinking, and restructuring of obstetric care in Tanzania (Tables 1-3) .
2) Investigate iatrogenic mitigation of the potential benefits of intervention of CS in women presenting for VVF surgery at CCBT, Dar es Salaam.
3) Describe the severity of VVF (using the classification of Kees Waaldijk [27] ( 4) Describe the treatment outcome of VVF patients managed at CCBRT, as to whether the fistulas were closed and the patients were not leaking urine at their discharge (Table 5 ).
Methodology
Study Area
This study was conducted at the VVF unit of the Comprehensive Community 
Ethical Clearance
Ethical Clearance was given from the Medical Advisory Committee of CCBRT.
Study Design and Population
We carried out an observational study of the patients from the fistula unit at CCBRT. The study population includes all women who had surgery between 
Sample Size
The sample consists of 104 women who underwent surgery for VVF, between 1 st January and 31 st March 2016 in CCBRT, Dar es Salaam, Tanzania. The patients will be followed up for at least 6 months.
Data Collection
The data were obtained from the patient's files in the VVF Department of CCBRT including the part of patient's history, operating reports, discharge notes and fistula cards.
Inclusion Criteria
We included only the 104 women who were operated on during the study period for a fistula as a result of a delivery.
Exclusion Criteria
Of the 155 women who had surgery done from January 1 st to March 31 st 2016 in CCBRT we excluded the 41 women whose surgery was not VVF related, and the 8 women whose VVF was a result of a TAH or was a vault fistula.
Data Entry and Analysis
The data are summarized using descriptive statistics such as mean and range if applicable. Data are displayed in the form of tables. The results were noted as of the time of discharge from the hospital.
Results
Between 1 [27]* Classification of Kees Waaldijk is as follows:
The classification by Kees Waaldijk is a "classification of fistulas according to anatomic/physiologic location". It is "based on the quantitative and qualitative amount of tissue loss of the continence/closing mechanism" and it is "presented according to the anatomic/physiologic location with consequences for operation technique and prognosis:
-Type I fistulas not involving the continence/closing mechanism, -Type II fistulas involving the continence/closing mechanism, -And type III miscellaneous".
See Figure 18 "The transition from type I into type II fistulas is at 4 -5 cm whilst the transition from type IIA into type IIB fistulas is at 1 -1.5 cm from the external urethra opening." Figure 18 . Continence closing mechanism frontal and lateral © Kees Waaldijk. "Classification of fistulas according to anatomic/physiologic location.
I fistulas not involving the continence/closing mechanism.
II fistulas involving the continence/closing mechanism.
A without (sub)-total urethra involvement. a without circumferential defect.
b with circumferential defect.
B with (sub)-total urethra involvement.
a without circumferential defect.
III miscellaneous, e.g. ureter fistulas and other exceptional fistulas.
An additional classification is presented according to the fistula size: small, medium, large and extensive", see Table 4 .
"The operation in order to close the fistula and to restore continence becomes progressively more complicated from type I thru type IIBb whilst the prognosis as to closure and continence worsens progressively; the same applies from small thru extensive.
Surgical objectives:
-Close the fistula, -Make the patient continent,
-Operation: meticulous water-tight closure of bladder.
Type I: only closure.
Type IIAa: closure and something has to be done about continence.
Type IIAb: circumferential repair by end-to-end vesico urethrostomy.
Type IIBa: (repair) + urethra reconstruction with functional urethra tissue. Type III: ureter reimplantation or something else".
Postoperative:
Indwelling bladder catheter-FOLEY catheter Ch 18-(is inserted) for minimum period of 2 weeks postoperatively.
*1 definition by Raassen-(Emphasis added)
"iatrogenic fistulas can be considered to cover a spectrum, ranging from "definitely iatrogenic" to "likely iatrogenic".
-Three groups of fistulas are definitely iatrogenic. All ureteric injuries are iatrogenic, whether following CS, CS/hysterectomy, or planned gynecological hysterectomy. Vesico-vaginal vault fistulas appearing after hysterectomy for gynecological reasons, such as fibroids, are iatrogenic.
Finally, the delivery of a live baby by CS is rarely associated with pressure necrosis.
If the baby is living, VCVF located between the lower segment of the uterus/cervix and the bladder strongly suggests an accidental bladder injury (suture or cut) during a CS.
-Vault fistulas following emergency hysterectomy for a ruptured uterus or CS/hysterectomy are probably iatrogenic… -Vesico-(utero)/-cervico-vaginal fistulas following CS for a stillborn baby are likely to be iatrogenic.
In cases where the baby was lost, this analysis included VCVFs less than 3 cm and located clearly in the cervical canal, based on author experience.
A patient history of previous CS or live birth increases the likelihood that the injury is iatrogenic.
Outcome
88 women (84.61%) were discharged home being dry, 16 (15.38%) were still leaking, 2 of them had their fistula closed but still suffered from remaining stress incontinence and will need further surgery; 4 have lost the urethra or most of it and have limited perspective to become continent, due to the severity of their injury. One patient had big bladder stones and needs to come back in 6 months for the definitive repair, one has severe vaginal stenosis, both ureters visible and needs either a different approach or a ureteric diversion, 4 have ureter fistulas
and with the remaining the 3 the repair was not successful.
In comparison: Loposso's overall closure rate after the first surgical treatment was 65%. The continence rate of the patients with a successful closure was 63% [28] .
Of those women who can certainly be classified as ischemic fistulas 28 went home dry; the other 4 were still leaking.
(Differentiation:
-2 patients had still has a type IIBb fistula, after having had 4/5, resp. 3 times surgery before.
-4 patients have remaining ureteric fistulas, after the first VVF was closed.
-1 patient had fistula type IIAb, had 1 previous surgery.
-1 patient had fistula type I, had no previous surgery. -1 patient had 2 fistulas: one type I, the second type IIBb, type IIAb, had no previous surgery.
-1 patient had fistula type IIAb, had 3 previous surgeries.
-1 patient has multiple fistulas and no urethra, had this time bladder stones removed, had no previous surgery.
-1 patient had fistula type I, had no previous surgery, and now her dye test was negative but she still has stress incontinence that needs further treatment.
-1 patient had fistula type IIBb, had no previous surgery, and has no functioning urethra and very stenotic vagina.
-1 patient had fistula type IIBb, had no previous surgery, and now her dye test was negative but she still has stress incontinence that needs further treatment). 30 (96.77%) out of 31 women with definitely iatrogenic VVF were dry when discharged; only 1 woman with an iatrogenic fistula was still leaking-she had a negative dye test, so she also has a remaining ureter fistula, that needs to be closed in the next surgery.
As we tried to differentiate between ischemic and iatrogenic fistula these results clearly point out that iatrogenic fistulas, such as VCVF'S or ureter fistulas that needed abdominal approach have a higher probability to be successful closed. The patients will be followed up after 6 months by the outreach team from CCBRT Dar es Salaam.
Discussion
The mean age of the 104 women who were included in the study was, 28.48 years (15 to 66) old, their mean age when they developed the fistula was 27.19 years (15 to 54). The time they had been living with the fistula was on average 12.8 months (1 month to 45 years!) As Sub-Saharan Africa is the region in the world with the highest level of adolescent childbearing it is not surprising that near 1/5 (18.26%) of our patients were teenagers. An older source also found that 42 to 54% of the fistula patients were less than 20 years old [3] [20] .
Two thirds of the women reported that they were married (63.46%). Out of the 61 women (58.65%; 61 = 100%) who had primary education 35 (=57.38% of 61), (33.65% of all 104) had finished STD 7. 29.80% (31 of our 104 study patients) had no education at all; this is little compared to studies that found the illiteracy level of women being often between 78% and 95% [3] .
87.5% tested HIV negative and 5.77% were HIV positive. The result represents approximately the distribution of HIV prevalence of 5.4% in the overall population of Tanzania but is less than the result for women of whom the prevalence in the 2012 survey was 6.2% to 7.5% [30] [31] .
The physical characteristics of the women also confirmed what other investigators have found: Tebeu found that "many of the fistula patients were shorter than 150 cm tall (40% -79.4%)" [3] . In our study 45.18% of the women were 150 cm or smaller and another 25.97% between 151 and 160 cm.
Their weight was accordingly often low, we found a median of 48.12 kg (35 -96 kg).
Holme et al. from Zambia described a median weight of 46 kg (25 -92 kg) among their patients [31] .
In 31.73% of the women the fistula occurred with their first delivery, but 18.26% experienced the problem after they already had given birth 6 or more times. Tebeu found collectives where between 31.4% and 66.7% were primiparous at the moment of occurrence [5] . Wall and Arrowsmith et al. refer to older studies and found data from various countries that the percentages of primiparous women were between 31% and 81% [20] .
11.54% of the women in our study reported of having been in labour for 25 or even more hours (1 to 121 h!) with an average of 31.3 hours which indicates that these women got into obstructed labour before developing a fistula. Other investigators confirm these findings. Tebeu mentions the duration of labour among the 7 risk factors he identified for developing an obstetric fistula. In his study the mean duration of labour among the fistula patients ranged from 2.5 to 4 days (60 to 92 h) [5] . In the DRC Loposso found in a collective of 146 women of whom 63.4% were delivered by CS that the mean duration of labour was 30.7 h [28] . This of course raises more questions: is the most frequent reason still the obstructed labour, is the obstruction mostly at the level of lack of transportation, and is the obstruction on the level of available personnel and material at the health facility level or mostly at the level of knowledge and skill of the health care providers?
The time that went by in the facility where the women finally gave birth was 6 h or less for nearly one third of them (28.70%) another third spent 7 to 24 h until birth. (31.48%). 12, (11.11%) had to wait up to a maximum of 72h until their children were born. The remaining 31 women (28.70%) could not say how much time went by until the delivery that caused the fistula took place. These time periods remembered by the women might not be accurate enough but will definitely give a time frame that points to the issue of which resources (personnel and material; e.g.: consumables) are available in health centres and hospitals where women give birth.
The outcome of those deliveries is not surprising: 70.47% of the delivered children were stillborn and twice as many of them were boys; 57.14% were male and 28.84% female. Studies from Zambia, Nigeria, Ethiopia and Niger showed stillbirth rates between 78% and 96% [5] .
Most of the women (72.11%) who come to CCBRT for fistula repair from all over the country did not have previous surgery to close their fistula. This is accordance with the fact that 52.88% of the women had developed the fistula not longer than a year before they were asking for treatment in this facility. Loposso [28] et al. who also used the Waaldijk classification found among 146 patients with VVF, 56% type I, and 21% type III fistulas. The majority of them had undergone a caesarean section (63.4%) [29] .
Paul Hilton already points out an interesting development of occurrence of iatrogenic fistula: as there are less numbers of hysterectomies performed one can observe more iatrogenic injuries in high and middle income countries, possibly due to less trained surgeons and as there are more CS performed in the low income countries more iatrogenic fistulas can be observed as well [23] . Out of these, 12 had CS with live babies and 6 with VCVF at the same time.
Conclusions
The other 6 with CS and live babies had: 1 had a ureteric fistula, 3 had type IIBb fistulas and 2 had type I fistulas.
25 (25 out of 69 = 36.23%) of women with CS definitely had iatrogenic fistula.
As the patients who had VVF type IIBb (using the classification of Kees Waaldijk) that by definition is a more severe injury and has less good prognosis for becoming continent, we found that 12 (11.53%) women had this type of fistula. 6 of them were discharged home being dry, 6 were still leaking urine, one of them having a negative dye test but is still leaking urine although the fistula was closed, due to residual stress incontinence that will need further surgery.
Among the overall results of the women who have undergone VVF surgery 88 (84.61%) women went home being dry, 16 (15.38%) were still leaking urine.
Of all our patients one third of the patients suffered from an iatrogenic fistula and 11.5% had a fistula of type IIBb. In the cohort examined by Raassen et al., they found out of 5959 women op-erated between 1994 and 2012 in 11 different countries that 805 equalling 13.2%
had an iatrogenic fistula [25] .
As we found a rate of 29.81% (out of 104 patients) with definitely iatrogenic fistula we do assume that there is a shift in aetiology of VVF.
But as the study populations from Raassen and CCBRT were not in the same time range and not from the same country we recommend that our findings need be compared to data from Tanzania from the past.
In order to get more precise data on whether a fistula is truly iatrogenic Hilton [23] suggested to describe those fistulas as a "true obstetric or ischaemic fistula"
where women who experienced obstructed labour, maybe sometimes for days, ultimately delivered a stillborn baby vaginally. He agrees with Raassen [25] as well as referrers to Onsrud [32] and Loposso [28] who describe that women who are delivered by CS of a live baby in a health facility after obstructed labour had been identified and who still develop a VVF "would be reasonably described as having an iatrogenic injury".
The question arises for those women who are transferred to a health facility after delay and are delivered of a stillborn baby and who also end up having a VVF or those who's VVF is an urethrovaginal fistula, a "midvaginal" fistula or an ureterovaginal fistula. Should they be defined as ischemic, as iatrogenic or as a combination of both?
In order to define this better it would be helpful if the history the women can
give were more reliable, but this is not very probable as the majority of them still have very little education and how can one possibly expect from a woman in pain to remember all details precisely.
A weakness of this study certainly is that the history taking is often difficult and not exact enough. This applies especially to the duration of labour, the time spent in the hospital (or health facility) before the delivery.
Recommendations
1) Study a similar group of patients in the near future in the same facility and compare the data in order to see if the patients were delivered by Cesarean Section.
2) Apply the definition of Raassen for a definitely, probably and likely iatrogenic fistula when collecting the data for another study.
3) In order to better prevent women from suffering from this preventable condition the problem, like in other countries needs to be tackled at various levels.
4) Health education as a form of preventive medicine to avoid the occurrence of fistula needs to be reinforced and amplified so that not just the women but also their husbands and partners better understand that and why they should seek help early when the woman give birth.
5)
Proper ambulance service will be needed in order to provide obstetric service to the doorstep of every citizen.
6) Enough health facilities all over the country will be essential to avoid trouble of traveling long distance in order to attain obstetric care.
7) Adequate consumables need to be constantly available in health facilities.
8) All cadres of service providers, e.g., TBAs, nurse attendants, midwives, clinical assistant, assistant medical officers and medical officers should be offered more training in order to provide adequate service and equally importantly knowing one's own limitations.
9) Working conditions of doctors need to be improved to reduce surgical error this includes: improvement of training of surgical techniques, obstetric decision-making and alternative ways to deliver dead babies. (Are doctors who will be working in the rural areas well enough prepared for the complicated cases of obstructed labour, which they will encounter?
This will provide every region of the country with access to comprehensive obstetric services. Consequently it will reduce the prevalence of VVF and its injury complex. 
